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L FOREWORD

~it-
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- ~ of the Tongue of the Or~oon, 30ý!Who.mo rfs, ~eosone v~orIA _f otherý
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Purpose of the Investigation

Asn hfa~x fa'U~.-S Noa nmirncr Offir-a
son~~es~nKampoato;-ýphs were obtaInedtrr the for oft `,-%fTorique o

Qcean (a: deep channý,l In,9he Bahamian Platform)~. The purposoe of t'his survey was
to Orovide sarnples dnd 6evations leading to aknowiedoft of tkeixdedmnt4,sd-

___1 met Properties,-onl distribotion of sediment types on the f lootr dthe Torigue.-of

Th $hcmP ifr or Bchnk is a shoal 6reci southeast of Florida and northeast

mnof > Cuna The Pltorf s40fflslni 6.tpers lunl of re5t

"preipthous ltorih deptsti.6xes-f200 tosoteeatri30toIS
s~remil, an ti4to6 fahom ~ A aocmtefy 7-percentf of the svurface'..

area JJoccupied by 20 an hsnsof-small coys- locatedaln
the Platform mdrgins. Graauiio~n~~cnt, sv tjhe- ogue of the Ocen

Exua Sund ad te Proidentcer-Chonnels, form, deep ocoon re-entrants into the
shal low bankL.(fig9 1),

The Tongue of the Ocean (TOTO) is ocn4ufof blone of the two Mao~r --
re-en-rtranfi-or channels iti fhe Bahama Banks, and incises'the lar est of flhe shool
structures, ibe., the Grew t ahama-k TeTOI constistsTo a lon-,- narrow 4
nofi~ern port-iort, slightly less than 70 miles in-length-and 20 firiler wide, ar~o

somewhat~d* clcl*suhr Fig 2)ý. 'The chann~el
trends northwest, continues into Northeast Providence Channel, and.-proF~eeds
eventuafly Into the deep sea-. .,T4 TOT& is borde~red on the west by Md~ros lsjondlý
and on the south and edst by shallow, -flat banks. The southern portion of fhe*
channel tcrminates b1nd~y inac 1-de-soc whIh' 4sU.shopecLir proflle and about
700 fathbms deep (Fig 3) . Nbrthward, the chbrinel profile becoimes more or less,
V-shaped between New Providtnos Island and Andros Island, Here the chan-nel is
1 000 fathoms deep and Is called Northeast Providence Channel'. The central

cannel floor slopes groca rximately 1:180) from the.Aenter of the culI-de-
tac to the commencemnent of ortlieast Providence Cbhcnnel.

Soundings on the walls of the TOTO show smooth, stesp slopes averaging 15 to
20 degrees in the upper 2X to 300 fathons-. Below this dipti- the slopes become
more gentle but are steeper In the nofthern compared to ihe swutham part of th~e
channel. Large gullies incising the wuulIs and trending at nzie or leas right angles
-to the bank are commonj however, the walls'in t+e cul -de-sac oppear somewhat
smoother than those in the narrow northern ~partion.
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REVIEW OF PERTINENT LITERATURE

The Bahama Platform-

The Bohama Platfarm-Jor Bahama Block), representing, as It does, a coritemparary
-example of warm, shallow limestone seas such as occurred during rarlier geological
times, hoi been the object of Investigation by miany students of czr&.notm geology.

Howeerthemalorlity of -Investigat Ions have been concentrated on, the sedmntr
material covering the shallow banks, and until recently there was scant informationi
dealing with sedlmantt in tht dleepchannels.

Some of the-more extensive contributions to the literature of Bahemian shallow-
water sediments were mode by Agassiz (1894), Vaughan (1913', 1914, and 1918),
Drew (1914), Goldman (1926), Field (1931), Thorp (19*36), Newell et ol (1951),
Neweill and Rigby (1957), and Illng (1954). These studies dec~it prI~Flry with the
grains comprising the deposits, their origin, comnposltlon, and general distribution
throu.ghout selected areas on the bank, m~ wellI as reports ion various land formns, reef
corals, and topographic features present on the surfiace antl flanks of the Platform.

-Modie of origin and internal st ,ructure-of'the B~ahama Banks has received the
ottentioii of various Individuals. -One of the first to speculate on the genest& of this

srtueWas Nelson (In Schuchert, 1935), who entertained the view that the Bahamas
Were~ essentlolly of deitair-,origin, and that the materials composing the Banks were
derived fromv the waters al thie GulIf Stream whi ch were .hce Atlantic waters W-
the Gulf Stream emerged aful strength from the Gulf of Mexico. /oodring (1928)
believed that the Bahamas repr~esented a series of West Indian Cretaceous fofds that
were worn down and submnerged; the highest ponts subsequently being covered with a
'veneer of calIcareous sand.

Field (1931), on-the basis of gravity data and st rotigraphic observations on varilous
SoHarnian Islands, stated that the Bahamas are ncit under lo-In by Igneous reek end prob-
ably did not originate as the result of vcolcanIc action. He concluded that although
the Block Is approximately In Isoistatic equilibrium it appears to be somewhat unstable,

andbatymericdat, sowe tht agret s~negen exi acs& TTV4CK fest 'has
toe lce in ýth Bhm antegnrlfied of neaieao maifhosre

howevr the doloInitic r~fmtera bIng relativelyhevcasshenoaisn
the ree tobwesngtv hntoeI th dee channls acucen (135 hel

tat th Ve nothr Bham~ Bank and the western pri oof Ieg Great Bahamale he n wberved
covrn posed a o c esenia unoduedaavat sedl e sstarg strt e loningn t enat the Mexi hamlri ;f r land p1atel, whil ta a hoe d ea tern h l f the re t Ba a a a k an th so t e t

trendn arhiplg weevlai0 nii a'a nd potae the casesdimeanomary e ;>rino
the Bahamas.t n

Spencer (in Eardley, 1951) cited on Andros Island deep boring (1 4,587 feet~deep)
which showed relatively pure, shallow-water carbonates of Tetar and Creraceous
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age th6 latter consittutlng about half of the entire sequence. Newell (I 955ý stated
thtthe coarse,. open co'vernous texture fccnd at many horizor4 In the above boring.

In~~'na-e lovel; thus, making the unavoidable conclusion that this
- - part of the athef had quietly subsided more than 2i miles since early Cretacopous, a*1d

that It is still sinking while the Piatfnrms are being built up near the surface Ly accu- -

muh:;ion of calciurn carbonate. He calculated an averose rate of accurnuktion of
consol idated sediment oni the Great Baha-ma Bank of about 3.6 cm per 1,000 years.

Gravity data, lnterpreted by Worze! at cof (1953), show a small- seaward increae
of gravity across the Pfat,?orrn, with negatfeTWee air anoaniles of abau!', 110 mltilgos
along the eastern bouindaries of tht.i Bcshamas and southern poit of the Bldke Plateau.

Evaluating all exIstgng-4atc,. Newell.(1955ý concluded that the-regon has long
been Isolated from? sources o! tertlaenoul sediment4,' t~iat no ~orrpolirg evidencep
exists of foldng or faulting in later gcologic flmos, and thatlittie dcot have beeni
presented to show that frequent Interruptions In the drieral si c(pobyt
result of isostosic. adjusutment to the ostady Pacumu Mion of'cadonofes) h9ove occurred
dvriirig the. post 130 miilfon years or so.

The Tongue of the Ocean

The majority of reports on the TOTO havei bew primari ly concerneO with the
method df channel formation and are based on g1favityj, 6athymetric,- amd ieismic dcst*
Howevet-, recently a number of sedliment samples have been collected from the Flo-or
of the TOTO which give a sonmeyhat genera I picture of tl* material covering the
bottom und the mode of deposition.

Origilm Hess (1933) Witributed Initial formation of t6 -e deep Bobamlon channels.

to the action of running 4*tor un~der suixierda conditiorij 14ie drainage patterns being
strijcturqily controlled bysamre-unknown factors. Substquenf to forimot-ln o~the era-
slonol .vol eys, subsidence and rapid depositIon of calcareous material on'the highet

once fomedthe pmeent Bhma lfomadcines Hs 1i. ute
sttdthat the continuous slope of the valley floors from 1-he upper reache-s57 the
~hatieutothe edge -of the continental slope excluded a graben and synclinal-trough

inner gorge or channel running down-the middle and a continuous slope In one direction.

Schuohert (1935) advanced the hypothasis that Andros Wuand once faced the open
Atlaniti, and lator-the suspected volcanic eastern portion of the Great BahamakBnk
grew up In front of Andros leaving the Tongue of the Ocean between.

Ericson atoal (1952), on the basis of lithologicoal and-poaiontal~Jcal evidence
From sedimenFcoSres collected in the TOTO, concluded that turbidity current erosion.
mayJbe largely responsible forceAcovot ion of the TOT[Osand -Providence Ch~annels.

Worzei at al (1953) re-earnhtMgd gtcvity observations collected From the Bainks,
and, iný refefe-n~e to the 6iigin of the TOTO, concluded that most of the aon",alies
can be explained by simple erosion of the deep-water portions without cornensation,
or, alterniately, caritruction of the shalow;-war fotoswthu einl CRYVMM~
scition. Newell (1955 coIMbined both of these alternetiver: and theorized that the,,

7



deep ;hannels are mainly the result of constructional processes through differen tial
deposition and byp~assing.

ýOn the other hand, Talwoni and Worzeý (in Siegi~er, 1961) collected adclitional
grvity data and attributed negative residual onamqglies of -30 to -40 millgs over

th deeply incised portions of the Bank to faulting which resurte, jrn.,t4e W11e
- sedlmet occurring at greater depths,,

Ato.chiv~cal ie-port by the UJnIversiti of mi~m (1958) stated that lack ala source
of large ciuantlttie of sedimnent negates the Io~~biltit of turbidity turrent erosion
cracting the TOTO, but, 'suggested that thecnne origliloted ilhrou h sone type of

Bottom Sediments: The first reot~ed bwtorn samplet taken 4ra M the TOTO were
~~Oilecte~~~by Vahan (1918). He clomssled the sedimin't 9a k 14 ooaean

Oiso-Perforined size and mineralogical an~oliywt oo the two corfes aol te-cted.- Armstrong-
(1963) ol Iecteel -edge and cose smiwnbes froet thbe-TOTO ond bwmrotogapis at
solected locations, The photographs i" ov anmolt~st verticalbare roc kwalf down to-
230 meters, and at 383 mreters sad and gravel covers the rock. Between .500`and 600
meters depth, the sands and ravelt are intermixed and finoflly replaced by calectsexi
niud which becomes Inc es yitagy Prior with depth to the bottom of the chnelob (220

"meters In the or-e examinied).-

Analyses of corms and dre~dg samples taken from the TOTO art pfesentied in 0
technical report by the, Universsty of Miami' (11V58). this report classified the bottom
material as 91*61Ierlno, pteropod, and poliitic, ooze. The repri also presented the
results of seaimnent size, moleture, faunal, arid serniquantiti -ve "Octarphiclnoly.
ses. The report discussed the hummock-like appearance olfb&h slove longr-the entire
lent of the YOTO between 300 and 550 fathoms. This feature wars consi~dored to be
taplusthatk probably originated from stirring up of material found on the t of thei bank
In odd Itton to turbidity currents originating on the tdge of the bank w nagmrted
the talus slope. --

TOstlund et al (1962) presented tlh, results of ro locerborninawosrments of the
TOTC-sed~mern awa T rk~nrl IrtPA ky WII~mm r~me 1-6- A - I~cfty ~--f m=41
discussed the age of the sediment, bukrate of accumulatilon, and frequency of tur-
bidity current flows in various areas of the channel.

Athern (1962 a & b) undertook a detailed bathymetric reconnaissance of the TOTO,
collected sediment cares from the central flat reaches of the channels, and obtained 78
bottom photographs at varil.ss locations.

.I~usnak and Nesteroff (1962) d iscussed the st~uvt al characteristics of turbidity
current deposits In the TOTO, ther composilion, areo-of origin, and frequency of
.occurrence. They further compared the characteristics of turbidity current deposits In
the TOTO to abyssal plain terrigenious deposits laid dawn In a similar manner.
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PRESENT INVESTIGATION, Q

Field Procedure

Seventy -three sedifftent ccore,-6 grab sainpiet and 4 deep me ramera towerlngs
were mode fromi aboard USS SANASLO (AGS-30' durINg September 1-961 an
jk~ruaý V962.' The c=re wera ci dt=4pths, %aryii *oniA30J108(X) eters7
Wid he over~o length of ou~ch core c0 iiected was 99 centime'ters. Fifteen of the
ridiment -so!tnles were obtained with a Hydro-plastla, piston corer an4 the remainder 1
with a Kuileribeirs gravity corer. Cores obtained with the Kulien1,ervi-pparatus were
coated with a milcrocrystal line wax ar few hours after collection to In !bit loss of
moisture, In a few, instances the hydroger lion (pH) concentration at the top of-the
Coro was measured with a l8eckrnan pH rneWe. A sinatt'portlon~from thts top arid-
bottom of each- core was iremoved as Soon as the core wQ1+roaht oboat and woad -

under refrigeration while awiaiting orgdaic carbon analyses.

Sam lng stations were positioned by Dacca H-Fix navigational aids In the

cul-de-sac, Locations of sampling stations tire preeinted in Figtre 4, and coordinotes
of somptir igotn~n, length of core, and water depth. --a listed in kkppendix 1.

Photographs of the bottomi were taken -with an underwoterrzdrnma system cont
sisting of two 3i5 mm cameras and two 100 w~;t-seqor~dk-strobe light sources. A sonar
pinger, mounted oii the camera ,framie and vsivd ifl con juncfion with the-ship's frons-
ducer, and a Freclison Graphic Recorder provided nOnltoring of the oeaiwfmtobTtatl1

distarice. A composs direction V'Ofe was suspended below the cameras to indicate,
difeettion of ci~mera moyveent-and orientation of the photographs.

The cometo system was held within 5 feet 4f the desired 15 feet Porn the bottom
distance during the photographing s.e.ence. 4etween-276fand572 rn&1enwas troy-
ersed during the 24Dur period of each loweriný. -Along these tracks, photographs
of the bottom were token evy 14-seimwdi. Subsoclueiw to the field opetations,
relief from selimted photogramphs was measured and contoured. Coxnero lowering

Laboratory Analyses

Utilizing faic~ti~es provided by the Marine Laboratoy UniversIty of Miaumi,
all cares were analyzed within two weeks from the "oaleofcollection. Sulbseqiient
to 1irholoalcal examinatilon and engineering properties analyses, sub~samples from the
cores were forwarded to the Oceanographlc Off"Ice for further arwlyses. The following
is a tabulation of the analyses performed end description of the trims employed In the
data summation tables and the taxt:

Constituents: A visual eatimate, based on microscopic examination, of the
cmtltfu ocnstituting the sand size and_ [arger material Present In selected
core subisamples.
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Calcium Carbonate (%): A determination of the totat'aikaflne earths through
titration w'th Wl ,A as described by Turklan (1956). The method assumes that
the amount of magrtesturn and strontium carbonates in the sanp[es 1s trivial, and
results are reported ai-itatlcn carbonate CýaCO 3 ) solely.

Oranic Carbon (%): The orgnic oina p-es.. t in the sediment as determined
bthe potassium dichromate ferrous ammonium sulfate tifration method of Allison

Specific Gravityof'Soids: The ratio of the sediment somple weight In lir to Itsweight in water at 4-C,

Cohmion (•/ in2): The shear strength as measured by staintorrd soil mechanic
f- ech•ilques utllizing vane shear and compression testing apparatus. The procedura,
significance, and reilability of this measurament as employed by the Oceano-
grapiic Office 1i 26cussed by RIrcr 961).

SensltIv1!y: The ratio of the undisturbed strength of the sediment to disturbed
-- --... .0 e$- lu ef ,d--w. . .........

SENSITIVITY SCALE (after Richards, 1961)

Perdentage of "Undisturbed"
Sonsltvtty Description StrengttWLost In Remoldd State

<- I Insensitive 0
I - 2 Slightly insensitive 0 to 50.0

-2 - 4 Medium sensitive 50.0 to 75.0
4 - 8 Very senRItlve 75.0 to 87.5
8 - 16 Slightiy quick 87.5 to 9

16 - 32 Medium quick 93.8 to .96.9
32 -64 Very quick 96.9 to 98.4

> 64 Extra 4ui-k > 98.4

Wet Unit Weight (gn/ cc), The bulk dernlty of the edhiient-measured to the
'ecrest tenth by means at'war weight per known volume of sediment.

Water Content (%): R•atio In percent of the weight of water to the weight of
the dried solid particles In a given sediment mass.

Void Ratio (a): The ratio between the volume of voids (Vv) and the volume of

V

V5

12
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Color: Color of sediment is based on the GeologTcal Society of America Rock-
Lot"r Chart.

Sediment Grain Size: The sediment grain size sca.ls used Is Ahe on* categorized
by the classification set forth in the Wentworth grade scale (Wentwow'th, 1922)
with one modification. The termn clay has been r epaced by the tern lutite
because of the mineralogical implications of the former. The range ef "&od
size In millimeters diameter and Ph units [10 - log2 dtiao m"V!!reters)] Is'
shown below:

Particle Particle
Dloamnier Diameter

(mm) (phi)

_____-..+.2.Ot) -. 0O0 " 2 ito.--
Coarse sand 0.5000 to 2.0000 -1 to I
Mediutr'sand 0.2500 to 0*5000 1 to 2
Fine sand 0.0625 to 0.2500 2 to 4+Sitt 0•003 to 0.•6,& - A-ta# --
Lutite < 0.0039 > 8

SEDIMENTS

General.

On the basis of litbology and physical prbperties,- the sediments collected ftom
the TOTO are divided into 3 geographic categories; 1) near, flank;2) axial, and
3) cul-de-sac (Fig 6). The bottom sediments in the TOTO display properties and
relationships disfInctive of these areas In the channel, but, gradational transitions
fromr n-e type sediment to the other Is present, and combinatio= Qf varlous types
exist.

Irrespective of lithological and pphysiVal variations in the sediments, both
calcium carbonate content and specific gttvlty of -the solids show no significant
variation with depth or location, but are geneally uniform throughout the bottom
and vary between narrow marglns. Of a total of 315 core subsamples analyzed for
calcium carbonate, the maximum value obtained was 100 percent, the minimum 02
percent, and the average 94 percent. Specific gravity dot irrnatlons were run on
32 subwmples-from representative cores, and the values obtained ranged from 2.68
to 2.86 with an average of 2.79.

The results of a semi'tuontltatlve spectrochemckal analysts by the University oF
Miami (1958) are given below, and may be taken to represent (i20 percent) other
possible elements tmd compounds present in thu TOTO sediments where CdCO 3 does

-not oomprqz the nt*ire rumpleW

13
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Material Amount (%)
C aCO3 a5.0o0coco 7.000

AL203 3.000
No 2.000
Fe2 0 3  0.60O

0g 0.3w0

K Trace
Sr Trace
V Trace
Zn Trace

Except for the CcCO 3 coM !entand the specific gravify which tend to remain
S--ronstont hi the sedments, •her proaeites show variation in m"gnitude which Is,

rea I iy dependent upoq the area *om whlch the sed Iment sample was otoqthod.
These vatotftions will 6e discUssed below under, the oppropriate sedimentary categoy.

Near-flank Sediments

Sediments of the near 41nk categ0oy dre reprsernted by the followIng smplesi

62-1 62-23 _42-37 -

62-4 62-24 62-38
62-6 62ý-25 62-35 -
62-9 42-26
62-10 62ý-28 62-58
62-14 62-32 61 -1

-- 62-15 62-33 61-9
62-19 - 62-34 61-10
62-20 62-35 61-18 1

An examination of Figure 4 shows that these samples are oil located on the flks or
wal Is bounding tho TOTO and were collected frown water depths between 2e5 and
1,243 matera.

Sediment ,6olor in the near-fln•ik area It decidedly darker compared to other-
areas in the TOTO and is dominantly yeaowih gray (5Y7/2) gradi to a lIghter
greenish gray (SGYB/1). (Geological Society of America Rock-Cofor Chart code).

- --- The most striking property exhibited by these cores, except for a few from the
southern flank of the cul-de-sac, Is the smooth, even color and texture with depth
in the sediment. Figure 7 presents a longitudinal crass section of selected nrar-
flank cares, and, from this, the general homogenutty of particle grain size and
sediment color Is evident.

[I
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Cores 62-37 and 62-57 show a very sharp break irn color at vrious depths in the
core. Core 62-37 changes abrup'ly frm a yellowish gray clayey Alit to a pure white

--ciayey slit with no apparent change In grain size orrconrtituents. The white area is
underlain by materla simliar to that above It, and the pattern ts repeated within a
few centimeters depth. The white area is far more cohesive.than the material above
and below It.

Cores 62-36, 62-38, and 62-39 are similar in most respects to the normal near-
...flank seTnts, excep} forbone or twb zoei-of relatTvely ýoarse partHlces Tntermixed

and separated from each other by finer material. These zones do not resembte layers-
which might have originated through turbidity current deposition but appear more like
the result of sand "falls"; however, reworking oF the materlat by organisms may have
destroyed the original bedding, although other evidence of such activity Is iacking.
Sample 62-6, a grab sample, consisted of very qoarse reef detritus, apparently from
the nearby Andros Island barrier reef, and displayed the coarsest grained material of
any taken from- the channel,

Particle Sizer Table Igives quartiles, medlan diameter, quartlle deviation -

(Qpnest (Skq9) ivAuts of subsomple s from cores and grab samples In the - - -

near-ptdregare-a. belw- C n ps are g-venhe owr ...

Q14and Q*- 1st and 3rd quartiles, respectivoly,. -

MdJ = Median diameter,
OD* - ýQ3 - Gil), and
Skq Q1 Q3 - 2Md).

In all samples (except three) the median diameter Is within the range of %ltts,
and, as well be shown later, this Is by 54r the predominant particle size of the bettorm
-edimenti throughout the channel. The average grmin-size dt'stributlon of near-ftlak
ediments Is 14 percent sand, 61 percent silt, and 25 percent lutite.

The quartile deviation (QD4) is a mecaure of the average spre•d of points around
the median (sorting), and when perfect sorting Is obtained Q6D is equal to zero. The
sorting values In Table 1 show andtmos•t n f paro ly-sorted and nornally-

the ad acent bank sediments to be so uniformly low that It was necessary to break down
the wel -[orted category Into smaller Increments In order for the values to be mmeanngful.

Quartile skewneu (Skqý) is a measure of the symmetry or asymmetry of the curve of
partlcla-size distribution. If the curve Is perfectly symmetrical, then Sk4 Is eVqrualto
zero. If the spread of particle size Is greater on the fine side- (.oltlve values) of-the
median diameter, then Skqd Is positive, or If greater on the coarse side, then the value
Is negative. The greater spread of particle sizes on the fine side of tba ',-dian diameter
In these sediments thaws the dominance of fine material In the near-flank arw and may
be the result of sediment winnowing by waves and currents on the shallow banks adla-
cent to and above this-area. Water movermit on'the bank-may stir up the-botrom ma-
terial and allow tOe coarser grains to resettle while maintaining the finer debris In
suspension. The fine material is then carried to the-vdge of the bank, and, due to a

16 .. . .. .
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decrease In current veiOcity over the deep channei, the mOtei at settes through the

water column and Is deposited In the near-flank area.

TABLE I

Particle &ize analyss of near-flank sediments

Core Depth In Core
NO. (C)Q1V MdV' Q30' QOD' Skqcf

62-1 a 4.16 5.29 7.03 1.44 o 0.31
48 4.00 5.12 6.82 1.41 0.29
94 4.24 5.49 7.57 1.67 0.42

62-4 Grab 4.16 5.01 5.86 0.85 -0.01

62-6 Grab -3.84 -2.40-- -0.93 -

62-9 2 3.71 4.78 6.45 1.37 0.30
11 3.89 4,9A 6.4131 4.34 5.33 6.86

62-10 5 5.05 -6.32 9.41 2.18 0-0

73 4.56 5.97 9.00 2.22 0.81
138 4.58 5.82 9.81 2.62 -

62-14 5 4.56 5.41 7.14 1.29 0.44
15 4.58 5.42 7.05 1.24 0.40

62-15 5 4.58 5.82 9.81 2.62 1.38
75 4.50 6.68 9.35 2.43 0.25

121 3.95 5.08 7.10 I"58 0.45

62-19 5 3.73 4.80 6.57 1.42 0.35
72 3.10 3.98 7.10 2.00 1.12

118 4.55 5.54 7.86 1.66 0.67

62-20 5 4.94 5.95 9.00 2.03 1.02
--- _- • - - 7 . . ._ _ __ 7 • • _ ...... .S S 7 40. _

130 5.41 8.00 11.98 3.29 0.70

62-21 .5 4.26 5.19 6.22 0.98 0.05
78 -4.16 5.41 7.95 1.90 0.65

62-24 3 4.42 5.48 7.85 1_71 0.66
28 4.89 5.84 10.16 2.63 1.68
52 5.38 7.76 12.85 3.73 1435

62-25 2 4.37 5.24 6.55
Grab_ 4.62 5.40 6.66 1.02 0.24

62-28 5 4.51 5.50 7.09 1.29 0.30
70 4.73 5.80 8.85 2.06 0.99

62-32 2 4.63 5.50 7.25

62-33 Grab 4.32 5.33 7.04 1.36 0.35
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Particle size analyse of near-flank sediments (Cont'd)

Core Depth In Core
No. (cm) Q1v Md;' Q39( QDq Skq#(

62-34 3 5.45 7.10 9.32 1.94 0.29
68 5.45 7.60 10.63 2.59 0.44

146 7.54 8.70 9,86 1.16 0.00
62-35 Grab 5.32 6.60 9.00 1.84 1.12
62-36 3 5.05 6.25 8.57 1.76 0.56

34 4.30 5.25 7.85 1.78 0.83
72 5.27 7.00 9.75 2.24 0.51

62-37 3 5.65 7.25 9.18 1.77 0.17
35 4.00 6.20 9.10 2.55 0.35
57 5.05 6.70 9.70 2.32 0.68

62-38 5 4.98 6.52 8.22 1.92 _--0.38
35 5.04 6.70 9.10 2.03 037

62-39 4 4.98 6.50 8.90 1.96 0.44
11 3.96 5.55 10.40 3.22 1.63
48 4.77 6.76 9.52 2.38 0.3990 5.55 7.85 10.38 2.41 0.12

62-57 10 6.83 8.52 10.25 1.71 0.02
74 4.26 6.00 11.20 3.47 1,73

145 4.93 5.79 8.85 1.96 1.10
62-58 3 5.10 6.56 9.20 2.05 0.59

91 4.74 6.06 8.85 2.07 0.75
6i-1 3 5.12 5.98 9.00 1.94 1.0847 4.83 5.95 9.50 2.34 1.22

In 577 
-. J_ - -- ^-f -- -- -- J

61-9 5 4.56 6.17 8.43 1.94 0.32
15 4.62 5.75 9.15 2.27 1.14
48 4.71 5.38 7.56 1.43 0,76
57 5.12 6.15 10.20 2.54 1.51

61-10 5 5.05 6.00 8.44 1.70 0.74
25 5.24 6.29 9.00 1.88 0.83

61-18 5 5.51 6.68 8.91 1.70 0.53
45 5.44 6.76 9.26 1.91 0.59
55 5,42 7.02 10.78 2.68 1.08
82 6,78 B.52 11.78 2.50 0,76
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Constituents: All material greater than 250 microns In diameter was tepwratefi
froM each subsample used for size analysis and examined under a binocular microscope.
This procedure was followed to determine the nature and the source of the sedimentary
material and to estimate grossly the abundance of various components pretent.

Near-flank smndsized particles are corn posed predominantly of skeletal ond non-
skeletal calcium carbonate. The skeletal debris is represented by the tests of plank-
tonic and benthanic Forominifera, pteropods, ostracods, calcareous algae, molluscs,
coral debris, alcynarion spicules, and echnoid spines and plates. Nonsieletal rtit
cles are oolites, costs of foraminifera, and ooiith-like particles described by Iillng
(1954) as grains of aragonite matrix. In addition to the calcareous material, small
amounts of siliceous sponge spicules were encountered.

In the majority of the neor-flank cores fibrous plant-Ilke material Is present tW
serves to aggregate numerous fine particles which ordinarily would fall Into a smaller
particle-size category.

No visual or mineralogical examination of the material comprising the silt and
lutite fraction was mode; however, X-ray aalysis by Rusnak andester -- 2
revealed that the finer fraction becomes more caicit c with decreasing grmin -ize,
and the less than 2 micron fraclion contains about equal amounts of calcite and
aragonlte.

Placement of this sediment Into one of the existing deep-sea sediment classifi•a-
tlons after Revelle (1944) or Olausson (1961) Is- unwarranted as thes categodzing
schemes were originated for the constituents normally found -In deep-sea aram away
from rich sources of shallow-water material. Likewvse, dclassification of the sediment
under one of the many schemes for shollow-water sediments Is not feasible due to the
large quantity of deep-sea components. Consequently, the bottom materl'l from the
near-flank area will be referred to as calcareous ooze, and no generic tfipltcatlons

O C Organic carbon content of the top centimeter of the near-flank
sudimMnL 157Mektl ve-t somplos from the central area of the TOTO. The lowest
"value of orgaric carbon content I frornear-fticskamk s Da I. percent, the highest
2.48 rcent, and the average 1 .22 percent. These values are lower than those ob- t
tainecl o the shot low 6anks surroundlng the channels where values range from 3 ,to 6

percent organle content (Trask, 195) but are higher than the average deep-sea sedl-
ments which contain 0.3 to 1 .5 percent total organic matter (Schott, In Trask, 1955).

A strong odor of H2 S was noticeable from all the near-Flank cores. Over half of
"the-cores from this group were measured for hydrogen Ion concentration (pH) at the top
cnd bottom Immedlatei after being brought aboard ship, and In all Instances the pH
was between 6.0 and 7.2. In contrast, cores from the central or axial area show litho-
logic features Indicative of oxidizing rather than reducing conditions.

Mau hysical Properties: Measurements of sediment density water content, void
ratio, and porosity were ome, and the result are presented in Table II. In some
instances, cores suitable for particle size analysis were not considered tultable for mass
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physical prop Ites analyses; consequently, tho data for a partlcular core may appear
under one heading and not the other.

TABLE II

Near-flank sediment density, water content, void ratio, and porosity

Wet Unit Water
Core Depth In Core Weight Content Void PoroMIty
No. (cm) (9iAC) (%) Ratio (%)

62-1 8 1453 89.10 1.60 61.53
27 99.81
47 1.54 82.62 2.30 69.69
71 71.37
94 1.60 68.86 1.94 65.98

62-10 14 1.55 82.22 2.27 69.41
42 61.34 .
73 1.63 68.08 1.87 65.16

108 74.06
138 1.65 74,06 1.76 63.76

62-15 15 1.73 52.79 1.46 59.34
43 55.40
75 1.80 50.98 1.32 57.08,
9$ -59.29

12T- 1,77 46.51 1.30 56.52
62-19 11 1.58 69.90 1.99 66.55

30 75.94
72 1.59 71.62 1.99 66.55
88 90.44

62-20 31 1.66 58.94 1.66 62.40
56 61.62
79 1.63 64.14 1.80 64.28

105 72.73
130 1.60 71.73 1.99 66.55

62-21 18 1.60 67.82 1.92 65.75
48 - 66.75
78 1.64 63.33 1.77 63.89

100 61.45
136 1.66 68.71 1.83 64.66

62-24 3 1.63 66.77 1.84 64.78
16 65.12
28 1.61 63.49 1.83 64.66
39 59-78
52 1.63 61.41 1.76 63.76
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Near-flank sediment density, water content, void ratio, and porosity (Cort'd)

Wet Unit Water
Core Depth In Care Wetght Content Void Porosity
No. (cm) (P/cc) (%) Rtio (%)

62-28 13 1.64 63.30 1.77 63.89
44 40.98
70 1.65 61.08 1.72 63.23

114 60.23
142 1.63 66.01 1.84 64.78

62-37 3 1.72 129.89 2.72 73.11
27, 74.62
33 38.80
34 88.69
559 1.72 46.69 1.37 57.80

62-38 2 74.05
26 83.34
47 93.24

6-39 11 1.55 65.85 1.98 66.44
28 65.90
48 1.63 66.04 1.83 64.66
70 94.75
90 1.51 83,01 2.37 70.32

62-57 1.50 91.16 2.55 71.83
73,74

74 1.69 60.82 1.65 62.26
113 181.50
145 1.69 58.41 1.60 61.53

62-58 23 1.39 123.44 77.47

46 1.47 97.79 2,75 73.33

69 85.72

61-1 3 1.72 56.09 1.53 60.47
16 56.84
28 1.72 56.00 1.55 60.78
37 1.79 48.85 1.32 56.89
47 47.48

61-9 5 1.59 72.18 2.01 66.77
15 1.67 59.77 1.66 62.40
46 1.70 54.64 1.53 60.47
57 1.70 60.30 1.62 61.83

61-18 5 1.34 92.15 2,98 74.87
17 1.55 83.68 2.29 69.60
23 72.57
35 80.94
45 1.54 79.26 2.24 69.13
55 1.55 81.10 2.25 69.23
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Density measurements were obtained by Inserting a ch'orne cylinder of known
weight and volume into the care and extrudling the core from the liner for a distance
ea ml to the length of the cylinder. After trimming and wiping the exterior and ends
of the cylinder clean of exces sedbientt the weight of the sediment and its containe
were obtailed. This procedure meosured the wet unit weight of the sedimentary
material.

Water content of the sediment was measured by longitudinally splitting the
Increment used In the density meaurement, extracting a sufficient quantity of the
sediment from the center of the Increment, weighing the sample Immediately, drying
at 105*C, and rewetghing. The water content was calculated by the ecrationg

Water Content, w(%), =CWet Weight - Dry Weight)Dry Weight x10

The void ratio was determined by the equatloni
Vv

Vold Ratio, e,

where Vs= Dry Bulk Density

Specifpc Gravity

and Vv I - VS,

Porosity of the sediment was obtained by the equatlont

Vv X
Porosity (%) = Total Volume a "

The values presented In Table II show approximately 70 percent of the cores In
the near-flank area decreasing in water content, void ratio, and porosity with depth
In the sediment and Increasing In density with depth. However, parttle gra-In size
is strikingly simllar thrcwjg the sediment, and the m~nerag-Teal composItlorn Is limos
wholly COCO 3 . The Increase In density with depth in the sediment Is most likely the
result of compaction and consequent loss of Interstitial water.

Below are the maximum, minimum, and average values of the properties tabulated
In Table Ili

Property Maximum Minimum Average

Wet Unit Weight 1.80 1.34 1.62
Water Content 129.8 47.4 70.4
Void Ratio 2.98 1.30 1.93
Porosity 77.5 56.5 65.2
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Axial Sediments

Bottom samples representing axial sediments are from-the relatively flat area
located at the base of the flanks of the channel In the narrow? elongated pomfion of
the TOTO north of the cul-de-sac (Fig 6). Compared to near-flank sediments, twial
seiments are char-iteized by lighter, more varid calor, a-wider range of particle
gr nI smize, higher density, lower water and organic carbon content, and many abrupt
changes In 1ithology with depth In the sediment, Cores 62-60 through 62-63, which
are from Northeast Providence Channel, are included herein because of their similarity
to axial sediments.

Cores included within the axial category are-,

62-2 62-22 62-50 61-6
62-3 62-23 62-51 61-7
62-5 62-27 62-52 61-8
62-7 62-29 62-60 61-21
62-8 62-30 62-61 61-22
62-13 62-31 62-62
62-16 62-47 62-63
62-17 62-48 61-2
62-18 62-49 61-4

Samples from, the centrai reaches of the channel show frequent, abru pt changes In
sediment color with depth rn the core (FigS), Colors ran' ge from dark yel'ownish own
(10YR6/6) to a pure white (N9), and, In the majority of Instances, the color changes
do not appear related to a change In any particular sedimentary property. Colors In.
the orange hue are prevalent and are believed to represent oxidak',, of t6 - frrous ions
present In the sediment. As opposed to the near-flank sediments, no H25 odor was de-
tected In the axial sediments, and the few pH measurements taken were always In excess
of 7.0. Superimposed on the colors recorded In Figure 8 are occaalonal blulsh-biack
mottles and streaks throughout the majority of the cores which are probably due to de-
ccr~position of plant debris Incorporated In the sediment. Plate I comnpaores a tyokol
corefromith an! 1 near-fiaaie Te-x.

Almost all axial cores contaln relatively coarse-grained layers oriented normal te
the core axis, These layers ore in sharp contrast with the underlying material, grade
gradually into the overlying material, and show a gradation from corse to fine sedl
ments upward In the core. Plate It is an example of this type deposit, and core 61-21
In Figure 8 shows the decrease In median groin size diameter upwards In one of the
graded beds. In a few of the cores the comrse layers are only slightly coarser than the
surrounding material, and, as a result, In a freshly split core the upper portion of, the
graded seqluences are difficult to recognize. However, on drying, the decrease in
particle size upwards becomes compicuous, and, as dlscu&sed by Ericson et al (1961),
the shrinkage of such sediment on drying Is proportional to the ratio ef l.llfhpartricias
to larger grains. In effect, the differential shrinkage of the sediment when thoraughly
dry produces a smoothly tapered Increment where the base of the eqengce (dUe tosens
contraction) Is wider than the upper portion of the layer Usere it maks contact with the
overlying sediment.
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Cause of graded bedding simTiar to that present in the TOTO sediments Is discussed
by Kuenen (1953) and Kuenen and Menard (1952) and lithologic features of this nature
are suspected to be the result of deposition by turldity currents of high density. Such
processes are of short temporal duration, and the velocity attained by the turbid flow Is
dependent upon the density of the flow and the slope gradient over which It Is passing.
As the turbidity current decreases in velocity, the coarser and gradually the finer and
finer partles are deposited; hence, vertical grading results. Graded beds of this
nature and the suspected mode of deposition have been designated by Kuenen (1957) as

'"tutbIdites," and thls-nanenclature will be used herein.

Turbldltes do not generally occur at the same depth level In all cores, or are they
of the same vertical thickness. Since all cores except those preceded by the number
61 were taken with the some Instrument antd-following the same method, differentially
Induced comFcotfon through variation In sampling procedure or Instrument type Is not
suspected for the lack of correlation between turbldites from one core to another. To
account for the lack of horizontal contlnuity, extensive sheet-ilke turbidity currents
are not theorized. Instead, localized turbidity flows within the many gulIles trending
at right angles to the bank edges and incising the channel wails are more •ikely. High
velocity restricted flows of this nature are discussed by Ericson et al (1961), and such
localized transporting phenomena which have originated throug ;"smpi rIg on.the upper
walls or bank edges best explain the discontinuous , variable d strlition of the turbidites.
Rusnak and Nesteroff (1962) discussed the TOTO turbidites In detail and concluded that
70 to 90 percent of the channel deposits have been produced iy turbidity currents.

It Is stated In e Technical Report by the University of Miami (1958) that density
(turbidity) currents created by Instability of sediments on the edge of the banks may
contribute material to the floor of the TOTO. Many of the corei In the near-flank
area were collected from within the gullies and displayed no features suggestive of
turbidity current deposition. Consequently, it Is expected that the turbidity currents
originating on the banks above the near-flank area flow with sufficient -velocity down
slope to prohibit deposition In this area. On the other hand, turbidity flows may be
originating near the base of the flanks and flowing outward Into the channel, thereby
accounting for the absence of turblditles In the near'flank sediments.

-, _Iin• Silt-tunl nariqtdj are the edomInant size fraction In the cadal
sediment; howevar, compared'to the near-1-ank area, there Is a decrease In percentage
of slilts a slight Increase In sands (generally explained by the course turbldlte layers
present'), and a fairly large Increase In lutites Fable i11). Average particle size dlstrl-
ition In the axial area Is 17 percent sam., 49 percent silt, and 34 percent lutlte.

Sorting values are higher In these sediments as a result of an increase In sand end
lutite. Over 75 percent of the samples analyzed are poorly sorted, and the bulk of
the remaining samples show average sorting. Sorting values In the turbidites are
generally high. Rusnak and Nesteroff (1962) discussed sorting coefficients and ex-
plained the poor sorting In the turbidites as relating to the -small size of the channel
which limits the distance over which sorting can occur an to the hydraulic behavior
of the variety of biological debris In the turbidity current flow.
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Partilce size analyzes of aocial rsd-Ifmeil

Care Depth-in Core
No. (cm) Q1i-1 &Adq' Q3 QD( -SkqV'

62-2 27 3,94 5.6 8.0 2.08 0.34
84 - 5.23 7.92 11.9W 3.38 0.69-
136 5.74 8.90 12.33 3.30 -0.87

62-3 5 6.58 8.4 10.4,5 1.94 0 '28
43 5.01 7."- 11.67 3.33 0.7065 - .3 8.30& I I J- 3A12 .02
120 7.53 8.45 11.46 7.87 0 015

62-5 2 L 175 2.67 4.45 1.35 0,43
8 -- 3.43 4.93 6-30 T.24-- Q 24

12 3.32 5.17 748 2,08. 4~
62-7 5 5.33 7.08 M0.0 2.34 0.371

32 5.12 5.92 9.19, .0 1.24 -

44, 4.n8 5.93 9159 .2.66 10
88 5.04 6.84 IOa.0G 2.48 -0.68

117 5.58 9.00 11.80- 3. 11 -0.31
140 2.99 5.93 9.44 3.23 0.27
154 4.83 7.20 9.9 2.56 0,19-

62-8 5 3.77 4.89 6.75 1 .4$ Aw -0137
14 3.96 5.24 7.62 1.83 0.55
42 4.05 5.3D 8.05 2.00 -0,15
67 3,21, 3.72 - 5.13 0.96 0,40-
74 4.86 6.14 10.02 2.58 IX

62-13 9 4.62 .5.40 7.17 1.28 0.50
40 3.50 4.12 5.91 v. 20 -. 0159
70 4.-94 7.00 10.49 2.78 0.72 _

134 02 6.95 10.57 2 .7m 0.85.ý
62-16 2 5.40, 7.67 10.90 2.75, 0.48

7 5.75 8.13 10.91 2.58 0.20
V0 5.98 8.56 11.20 2.62 0.04

156 6.41 9.21 11.99 2.79 -0.01
62-17 5 5.10 8.13 11.01 2.6.6 0.,24

76 5.29 9.20 15.85 5.28 1.37
103 3.46 5.40 9.42- 2,9 1.04
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TABLE Mii

Particle size amlywe of o"Xul tediments (Cont'd)

Core Depth In Core
No. (CM) Q19' Q39 QD9' Sk' W

62-18 3 6.00 8.54 10.94 2.47 -0.07
46- 5.66 8.50 11.77 3.06 422
76 5.05 7.90 11.19 3.07 0.22
94 5.45 8.15 10.95 3.59 0.32

109 -5.08 8.85 12.75 2.75 0.05
62-23 1 5.64 7.62 9.78 2.07 0.09

3 5.56 7.61 9.00 1.72 -0.W
11 5.58 8.00 10.86 2.64 -0.28

-- 21 5.32 7.93 0.99 2.84 0.22
36 5.31 7.82 10.05 2.37 -0.14

62-27 5 5.11 6.85 9.95 2.42 -0.63
45 3.48 5.51 9.82 3.17 0.9473 5.24 7.57 10.75 2.76 0-.-43

108 4.79 7.80 11,16 3.19 0.18
62-29 5 5.23 7.23 -11.45 3.11 1.11

17 4.22 5.11 6.00 0.89 0.00
38 4.79 6.00 10.10 2.66 1.44
99 2.66 3.56 5.43 1.39 0.49

106 5.79 9.25 I1.58 2.90 -0.57
129 5.19 7.5 10s%56 2.69 0;39

62-30 11 6.00 8.08 10.15 2.07 -0.01
66 2.54 6.76 10.12 3.79 -0,43

101 5,72 9.00 11.30 2.76 -0.98
120 5.35 8.49 11.35 2.80 0.07

.62-31 10 5.80 8.13 10.73 2.47 0.14
ra- 4498 7i.Yb v--1i I •3 , X.42

149 5.33 8.81 13.55 4.11 0.63
62-47 3 4.43 5.85 9.50 2.54 1.12

19 5.57 7.96 10.86 2.65 0.26
62- 48 3 4.09 5.35 8.15 2.03 0.77

51 4.00 5.70 9.60 2.80 0.90
91 1.46 2.42 3.26 2.18 0.83

101 5.00 8.02 9.90 2.45 -0.57

62-49 5 4.42 5.30 6.58 1.08 0.20
10 4.51 5.35 7.16 1.33 0.49
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Particle size analyses of-axTal sediments (Cont'd)

Core .Depth in Core
No. (CM) Q1v Md - Q39( QDp' Skqg(

62-50C 4 6.00 8.80 11.67 2.84 0.0444 7.35 11.20 15,15 3.90 D.05
-2-'51 a 5,53 7.74 10. J9 2,53 0.32

25 5.56 8.31 11.60 3802 0.2756 5.21 7.48 17.86 2,33 0.06

62-52A 3 5.68 7.86 10,00 2.16 0.48
a 5.43 7.52 10.55 2.56 0.47

52 5.58 8.25 10.83 2.63 -0,05
76 4.99 6.75 9.58 2.30 0,54

65.60 4.91 6.54 .44 .27 0.64
42 5.00 6.08 7.14 1.07 -0.01 o

62-61 6 3.35 5.05 7.95 2.20 06.70
26 4.06 5.60 9.18 2,56 1.02
68 3.78 t.26 8.79 2.51 1.03
93 3.43 5.25 8.78 2.68 -.0.86

133 5.35 8.35 13.87 4.26 1.26

6262 20 5.36 7.30 11.08 2.86 0.92
73 S.J4 8.25 12.45 3.46 0.55

138 5.42 7.90 -11.64 3.11 0.63
62-63 3 5.01 6,70 10.05 2.52 0.83

32 5.%- 9.23 14.10 4.30 0,57
61-2 5 3.17 3.73 5.88' 1.36 0.80

15 2.66 4.07 6.65 2,00 0.59
25 2.90 4.56 __ 1.4_ 2A2 fl.• 6 _

61-4 5 5.42 7.13 9.99 2.29 03'8
15 -5.5 7.49 9.66 2.01 0.17
25 6.07 7.80 10.67 2.30 0.57
32 5.47 7.28 10.75 2.64 0.83

61-6 5 5.72 7.02 10.02 2.15 0.85
25 5.57 7.15 10.58 2.51 0.93
35 5.80 7.62 11.40 2.80 0.98
45 4.84 6.33 10.50 2.83 1.34

61-7 5 6.06 7.59 9.78 1,86 0.33
45 0.15 2.19 4.32 2.09 0.05
50 -2.13 -1.71 5.41 -1.12 -0.10
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- - -~III-TABLE !I!--

Particle size analyzes of axial sediments (Cont'd)

Core Depth In Core
No. (cm) QIJ' Mdp Q3V QD9(- Skqgf

61-8 5 6.89 8.52 11.11 2.11 0,48
25 5.02 6.55 11.55 3.27 1.74
65 5.22 7.30 10.73 2.76 0.68

61-21 3 -393 4.74 8.15 2.11 1.30
10 4.30 6.46 _8.60 2.15 0.01
15 3.55 6.01 8.53 2.49 0.03
29 3.54 6.09 8.64 2.55 0.00
40 4.90 7.31 9.72 2.41 0.00
50 2.50 5.69 8.88 a3.19 0.00
55 0.28 3.87 7.45 3.59 0.00
59 5,27 7.63 9,99 2,36 0.00
96 5.51 7.99 13,12 3.81 V.31

61-221 4 4.99 6.20 9,06 2.01 0.80
12 5.26 6.85 10.59 2.67 1.08
22 5.95 7.77 11.74 2.90 %.08
30 6,39 8.43 12.30 2.96 0.92

Skewness values are predominantly posltIve' however, prportionaly more samp'les
are skewed In a negotive direction, and the skewness values more closely approach
-ero thýn neaTiflank-sediments.

Constituents i Ungraded sections -of the "xio cores are doinated by pfnkonk -

forarninifera and pterop•ds; although, reef-derived material Is present to some degree.
The turbldites are composed In equal part of pelagic mnd reef-derived materials.
Pteropo,)ds present try te graded beds are dominated by the genera Cresels (theitapered

Core 62-8 contained a number of both clear and smnoky angular quartz particles
which were not encountered Inlany other cgre, Source area of te quartz Is unknown
but could be explained through transport by winds from a terrestrial continental sourte;
although, wider distribution of the anomalous particles would then be expected.

Owanic Carbon: Organic carbon content In the axial core3 averages 0,44 per-
cent and is about I percent lower than the average for near-flank sedlments. The
majority of cores show a sharp decrease In organic content with depth. The meximum
value encounteredwas only 1.04- prcent,.

Vosicek (in Ericson et E. 1961) advanced the theory-that turbidity currents rushing
down slope should sweep-u• or carry~ long much living or dead matter which would be
deposited with the ftrfs frraettck. eviously Eleson et al (I952) repofled the
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occurrence of plant debris and hydrotroillite (an arnmrphous monoulfTde of iron
FeS.H 20) in ungraded beds within cores from the North Atlantic. However, It can
be shown that no evidence of orgailc entrapment Is present in the graded portions of
axial sediments, and organic cc values frm turbhdites in this area follow the
general decrease In organic matter with dept found throughout the tedrm-6it.

Mass mysical Properties: Axial cores display re1ati0oships befween physical
p re tlcs woth-epth In thescdiment which arc similar to the near-flank group.-
Sediment density generally Increases with depth; conversely, water content, void
ratio, and porosity values generally decrease with depth.

Table IV shows the sedIment from this area to be slightly denser and considerably
lower In water content, void ratio, and porosity tharr-near-flank sedlments. in ad•d-t
tlion, the u4dal group shows less magnitude of varlitlon of these vat-e ousdthýe
Mean.

Below are the maximum, minimumr, nd average volieet of the properties tabulated
In Table IVM

Property Maximum' Minimum AvWrag

Wet UnitWeight - 1.76 1.53 1.66
Water Content 89'.1 44.5 66.9
Void Rcatio 2.58 1.35 1.75
Porosity -72.1 56.3 63.0

_ Cul-d••ac Sediments

Bottom samples representing cul|-•e'-soa sediments are from the fiat, central area
-of the, cul-de-sac and the flanks bounding the northern and northeastern portion of this
area (Fig 6). Cores from the central portion of the culhde-soc are differentiated from
near-flank and axial cores by more iýequent turb6dites, poorer sorting, lower density,
higher water and oaganic carbon content, a high void ratio, and a hgher porosity.

S-- - - Cores Included In this group are:

62-40 62-45 62-56
62-41 62-46 62-59
62-42 62-53 61-11
62-43 62-54 61-12
62-44 62-55 61-16

Covi 62-45, 62-46, 62-44, 62-53, and 62-55 are arbitrarily Included In the
cul-de-sc group because of variations In color and the presence of a few recognlz-
able turhiditesi however, these cores are very similar to near-flank cores and the
difference between the two Is slight.
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Axial sediment density, water content, votd ratio, and poroity

Wet Unit Water
Cor* Depth In Care We Iht Corlent Vold Pmoity

6. (cm) Wcc) ) Ratio C)
62-2 27 1.71 54.90 -1.52 60.31

60 94.33
85 1.64 63.94 1.78 64.02

112 56.12
137 1.66 59.69 1.68 62.68

62-3 20 1.69 62.13 1.67 62.54
46 58.21
65 1.66 58.54 1.65 62.26
93 58.26

120 1.67 57.84 1.63 61.97
62-7 44 1.67 59.24 1.65 62.26-

67 72.23
88 1.71 58.i5 1.57 61.08

!1)2 59.35

147 1.65 63.19 1.76 63.76
62-6 14 1.65 59.24 1.68 62.68

26 72.23
42 1.64 58L15 1.70 62.96
55 59.35
74 1.64 63.19 1.76 63.76

42"13 _ - - 7 T-- 65.51
-[5 66.06
70 1.71 53.31 1,49 59.83

101 64.39
11.4 1.72 _ __•_ 1.43 SA - .

62-16 3 1.63 68.25 1.87 65.15
46 60.05
so 1.62 65.29 1.83 466

115 69.35
156 1.66

62-17 28 1.64 69.89 1.88 65.27
52 60.78
76 1.66 58.5 1.65 62.26
93 56.85

113 1.67 55.34 1.58 61.24
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TABlE IV

Axial sediment density, water content, vold ratio, and porosity (Cont'd)

Wet Unit Water
Core Depth In Core W I ht Ccntent Void Porosity
No. (cm) (Wce) M Ratio ty

62-18 3 1.58 82.94 2.22 68.94
28 72.75
46 1.66 64.31 1.76 63.76
80 66.25

109 1.66 64.20 1.75 63.63
62-22 3 1.57 87.23 2.31 69.78-

22 67.25
42 -1.58 76.77 2.12 67.94
61 69.92 -
78 1.67 48.36 1.47 59.51

62-27 16 1.68 55.27 1.57 61.08
32 69.62
56 1.68 53.54 1.54 60.62
90 53.75

108 1.73 54.14 1.48 59.67
62-29 38 1.59 60.61 -1.65 62.26

71 69.03
104 1.56 77.24 2.16 68.35
129 1.67 58.02 1.63 61.97

62-30 11 1.68 116.35 2,58 72.06
44 26.81
66 1.70 60.21 1.62 61.83
93 70.81

120 _. .. 169 _..24 1.65--_62-26
62-31 10 1.60 67.50 1.91 65.63

45 79.02
78 1.70 56.22 1.55 60.78

123 55.28
149 1.74 49.04 1.38 57.98

62-47 3 1.65 61.52 1 .73- 63,36,-
62-48 3 1.74 61.25 1 .51 60.15

27 50.54
$1 1.74 51.88 1.29 56.33
76 60.65

101 1.57 54.82 2,11 67.84
62-49 3 1.75 48,15 1.35 -57.44

35 ,1



I

TABLE IV ..

Axial sediment density, water content, void ratic, and porosity (Cont'd)

Wet Unit Water
Core Depth In Core Weight Content Void Porosity
No. (cm) (gnVcc) (%) Ratio (%)

62-50 3 1.58 89.17 2.33 69.96
24 62.86
44 1.64 64.75 1.79 64.14

62-51B 3 1.64 72.06 1.92 65.7525 1.65 65.13 1,79 64. !5456 1.68 54.74 1.56 60.93

62-52A 3 1.59 87.56 2.28 69.51
31 68.38
52 1.68 59.10 1.63 61.97
73 52.73
97 1.74 49.19 1.39 58.15

62-60 16 1.70 56.71 1.56 60.93
29 55.02
41 1.70 61.20 1.64 62,12
64 59.29
82 1.72 53.57 1.48. 59.67

62--61 6 1.67 60.18 1 .67 62-.54
38 54.21
68 1.72 55.01 1.51 60.15

100 55.27
133 1.70 55.75 1.80 64.28

62-62 9 1.69 62.76 1.68 62.68
44 56.06

105 55.47
138 1.65 59.74 1.69 62.82

62-63 5 1.64 75.41 1.98 66.44
17 59. 12
32 1.66 61.75 1.71 63.09

61-2 6 1.70 60.90 1.63 61.97
15 1.68 61.55 1.67 62.54
22 58.79

61-4 5 1.62 70.33 1.92 65.75
15 !.68 61.87 1.68 62.68
25 1.65 80.76 2.05 67.21
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TA81.E PV -. ....

Axial sediment density, water content, void ratio, and porosity (Contt d)

Coe a Coe Wet Unit Water
Core Depth In Co Weiht Contet Void Porosity(C-. i n) - gn Z C•) N % - Ratio N%

61-6 5 1.67 62.05 1.70 62.9616 5 .25

25 1.65 63.58 1.76 67,7635 1.65 65.08 1.79 64.1544 65.18
61-7 5 1.65 63.00 1.75 63.6625 1 .66 63.68 1.74 63,50

35 44,47
61-8 5 1.53 85.51 2.37 70,3225 1.66 64.94 1.76 67.76

45 1.64 65.67 1.81 64.4¶56 1.65
61-21 3 1,69 56,76 1.58 61.2412 1.66 64.86 1.76 63.76 ,21 1.69 59.30 1.62 61.8329 1.69 62.73 1.67 63-5448 T.71 54.67 1.51 60.15

56 1.68 55.14 1.56 60.9368 1.71 59.06 1.58 61.2476 1.73 56.72 1.52 60.31'
61-22D 4 -51.9 "

11 1.73 53.83 1.47 59.51
20 58.36,
29 60.74

Longitudtnal cross sect!ons of cut-d&e-sac cores are presented in Flgure 9, and,from this figure, the cores colleoted from the central, flat reaches of +hj, creo canbe seen to consist almost in equal part of turbldlte, and sediments laid down partic)e-6 -part Cie from the water column. Turbldites in this area accounted for well overpercent of the sediment column sampled. In the cul-de-sac It was difficult toascertain the upper contact of turbidites with the overlying sediment; hence, It Ispossible that a larger percentage of the sediment- column Is due to turbidity mrentsthan the data reveals.

Many of the cul-de-soe. cores gave off a strong H2 5 odor, nnd the few pH leas-
urements taken were les than 7.0.
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i•ciuding zones of turbidite occurrences, cores from throughout the cul-de-sac are
similar in texture ond color to near-flank cores and the portion of these cores attrib-
utable to pelagic type sedimentation is strikingty srIlar to the near-flank area. The
top 2 or 3 centimeters of almost all cul-de-sac cores show an arone-recl hue which
is Indicative of uxldI;iig conditions at the surfaow and which is ebsthtL u.•r•. fitU
remainder of the sediment with depth. Core 62-46 contains a very coarse zone unlike
a typical turbidite in that the zone shows no grading but consists of a reef detritus
whero both the top and bottom contact with the enclosing sediment Is sharp. This
particular sequence Is probably the result of sand "falls" over the bank edges rather
than turbidity current deposition.

Particle Size: Silt Is the dominant size fraction In this area as well as the
remain-der ao the iOTO; however, the Increase In turbIdites compared to the axial
area raises-the percentage of sand by a slight amount. The graded nature of turbidites
Is apparent In cores 62-42 and 61-16 (Fig 9) where a decrease in median grain diameter
upwards In turbidite zones in the core is obtervoble. The average size# distributklin of
the satnples analyzed is 20 percent sand, 29 perceent sIlt, and 51 percent lutite.

Poor soarting Is prevalent among these sediments, although a few of the samples
analyzed from the bottom of the coarser turbidites show almost perfect sorting. Skew-
ness values are not much different than the axial sediments In that the molority of
samples are positively skewed with a few negative values present (Table V).

Constitrentst Constituents comprising the cul-de-sac sediments ore not unlike
the other areas of the channel. Turbidites, however, contain a greater percentage
of reef-derived material, a,d oolites and oolith-lIke parotoles constitute a mojor
portion of the reef detritus, Plant debris Is more prevalent throughout cul-de-sac
sediments than In the OKiGl area, and several turbldites contain thin zones of this
fibrous material incorporated Into the sequence.

Organic Carbon: Organic carbon content of the sediment In this area is the
hi ghest efw•tered In the channel and Is probably due to the increase In plant
detritus. Surface values of organic carbon ore as high as 2.00 percent and decrease
in the channel.

-.• sical oprttesi Sediments In the cul-de-sac are less dense and contain
a higher water content than any sediments In the TOTO, and, in like manner, void
ratio and porosity values are also highest. Although the water content shows a do-
-rem. from top to bottom in the cores, there are Interruptions In a uniform desrease
with depth which are probably due to the large amounts of coarse-grothed turbldites
present. The turbidites, being more pourous, are capable of holding greater water
content than the fine-grained material above and be ow.

As In the other TOTO cores, sediment density generally increases while void
ratio and porosity decrease with depth In the sediment.
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TABLE V

Partcle size analysis of cul-de-sac sediments

Core Depth In Core
No. (cm-) Q1I' MdV w3 Q0' ~skqý

62-40 a 5,35 6.94 9.36 2.06 0.47
26 4,70 5.76 8.40 1.90 0,79
42 1.94 3.19 5.30 1.68 0.43
65 1.09 4.00 6.87 2.89 -0.02

129 5.25 7.10 10.38 2.57 0.72
62-41 3 5.37 6,65 8.53 T.58 0.30

25 221t 3.37 5.15 1.47 0:31
56 3,59 4.29 5.62 1.02 0.32
75 4.95 5.98 9,.&) 2.28 -1.25
93 6.32 8.27 10. 25 1.97 -0 02

141 1.92 4.75 7.57 2.83 -0.01
62-42 3 5.53 7.12 9.43 1.95 0,.36

27 3.58 4.32 5.56 0.99- 0.25
88 5.58 8.85 12.85 _ 3.64 0.37

111 4,63 5.48 8.89 'L:t . .28
123 3,92 4.86 5.74 0.91 0,03
137 3,63 4,32 5.87 1,12 0.43

62-43 3 5.94 9.66 11.45 2,76 0.04 -
13 3.93 5.12 7.70 1.89 0.70
37 5,55 8,50 12.79 3.62 0.67
41 5.58 7.77 10.16 2.26 0,07
99 5.58 8.50 11.80 3.11 0,t19

62-44 8 5.69 8.25 11.15 2.73 0.17
67 5.45 8.30 12.60 3.58 0.73

62-45 6 5.46 7.30 9.76 2,15 0.31
94 5.59, 7.95 10.79 2,60 0.24

62-46 11 4.55 5.69 8.25 1.85 0.71
26 4.81 5.80 9.30 2.25 1.26
57 4.62 5.90 I0.62 2,95 1.67
79 0.75 2.60 2.95 0.20 "0,44

62-53 3 5,20 6.60 I0-'3 2.77 1.37
52 5.16 6.90 10.83 2.84 1.10

102 5.15 7,70 12.1-( 3.40 0.93

62-54 6 5.36 6.73 9.94 2.29 0.92
19 3.96 5.11 7.40 1.72 0,57
41 -3.9 3.96 S,52- L,07 0.50
59 5.34 7.85 14.09 4437 13.6
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TABLE V

Particle size analyses of cul-de-sac sediments (Cont'd)

Core Depth In Core
No. (cm) 01' Mdq( M3ý QD9' SkC*

62-55 3 5.48 7.44 10.13 2.33 0.37
58 5.69 8.70 12.23 3.27 0.26

120 5.41 8.00 10.85 2.72 0.13

62-56 3 5.55 7.65 10.g9 2.42 0.32
47 5.40 8,50 12.95 3.78 06.6
66 4.86 7.97 11.96 3.55 0.44

62-59 5 5.16 6.64 9.56 2.20 0.72
12 2.19 4.93 9-0 -3.01 1.07
22 5.22 7.50 12.55 3,67 1.39
33 1.88 3.00 4.94 1.54 0,42
59 4.99 7.50 10.85 2.93 0.42

61-11 1 4,85 5.85 9.15 2.15 1.15
21 6-44 7.96 10.51 2.04 0.52

61-12 5 5.05 6.11 9,40 2.18 1.12
25 _6.40 8.07 11.14 2.37 0.70

61-16 5 5.74 7.09 9.65 1.96 0.60
17 3.85 4.86 7.31 1,73. 0.7219 3.55 4.64 7,24 .5 ...---
21 2,83 -4.16 7.34 2.26 0.92
24 -2.62 4.33 7.77 2.58 0.86
27 3.18 3.92 7.10 1:96 1.22
29 2.37 3.79 7.20 2.42 1.00
35 3.08 3.77 6.35 1.64 0,94
41 r-. 7 V Ut.v- vr-
51 3.82 5.08 7.85 2.02 0.76

The maximum, minimum, and overage values of properties presented In Table VI
are given below:

Property Maximum Minimum Average

Wet Unit Weight 1,75 1.40 1.58
Molsture Content 132. '- 3S.5 76.7
Void Ratio 3.61 1.20 2.11
Porosity 78.3 54.5 67.0
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TABLE VI

Cul-cfe-sac sediment density, water co•tent, void ratio, and porosity

Wet Unit WaterCore Depth In Core Wei glt Content void Porosity

No. (CM) gcc) (0) Ratio (%)
62-40 26 1.55 -75.D6 2.!.5 68. 25

46 67.97
64 1.62 -0'2.15- 2.13 68.05

106 83.27
129 1.51 Sa8.81 2.47 71.18

62-41 3 1.40 132.54 3.61 78.30
43 103.53 --
75 , 1.58 450 2i,25 69.23

117 90.43
1-41 1.54 70.37 -2.08 67.52

62-42 3 1.45 116.87 3.17 76.01
42 116.8979 87.27., 2..72

113 54.73
137 -75 38.46 1.20 $4.54

62-43 13 1.64 5'9.71 1.71 63.09
34 84.22
650,. 1.63 68.78 1.88 65.27

99 1.t: 59.59, 1.69 62.82
62-44 8 1.57 76.43 2.13 68,05

36 73.35 U
-67 77.55 215 6

131 1.66 61.97 2.31 69.78

47 69.77

63 1.59 . 69.85 1.97 66.32
77 80,43
94 1.60 73.67 2.02 66.88

62-46 8 P7.24
26 -1.69 57.17 1.58 61.24
43 66.24
57 1.65 63.82 1.76 63.76
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TABLE VI

Cul-cde--mc sedtment density, water content, void ruil, and porosity (Cont'd)

Wet Unit Water
Core Depth in Core Weight Content Void Porosity
No. (cm) 7gcicc) (%) Ratio (%)

62-53 3 1.54 92.98 2.46 71,09,
26 82.85
52 1 .66 67.92 1.88 65.27
78 67.81

102 y/-1.51 .- ,0 53,48 59.67
62-54 19 1.54 66,24 2.00 66.67

34 68.38
59 1.66 63.96 1.75 63.63

62-55 3 1.51 107.86 2.83 73.89
35 73.57
58 1.54 90.18 2.16 68.35
81 57.74
83 60.33

120 1.74 49.87 1.39 58.15
62-56 3 1,44 87.69 2.39 70.50

29 84.26
47 1.57 76.35 2,13 68.05
66 1.71 55.89 1.53 59.28

62-59 - 22 1.65 64,81 1.78 64.02
45 66.24
59 1.7i. -52.19 1.46 59.34

61-11 5 1.48 96.44 2.69 72.89

25 105.12
35 1.49 100.07 2.73 73.19
45 .. 86.89
53 83.51
61 98.80

61-12 5 1 .56 77.05 2.16 68.35
16 76.43
25 1.53 90.57 2.46 71.09
45 70.73

61-16 5 1 .53
51. .64
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RATE OF SEDIMENT ACCUMULATION

The following discussion Is based on radiocarbon datting of the TOTO sediments
by Ostiund et al (1962) and data presented by Rusnak and Nesteroff (19-62),

Figure 10 shows the location of a few of the cores dated and the bulk rute of
sediment accumnulation at these locations. Figure I1I gives the frequeacy of turbidity-
current flows at se-lected locatimn.

Accrdng o stundatof 192)the raes ofsediment accumulation Inthe TOTO

than Is found In the broader reaches o h oa

The oldest sediment dated by Ortund et at (1962) in the TWTO wat 26,275yes
A;570 yeam and was between 132 to 137,ce9'tki~tes deh In tho core. According toa time scole presented by Erloon 6t at {1961) this dote ties within the lostalotibon.

.ronet cal (1952 weotdta rTccssd*'t 'vronb~~soeeard
Recent s-A-'nients were encountered In a core taken at 3,383 metersjust nerthK of-Newý
Providence isiobhd. The wuhors accounted for the absent serites bjiibu~dity'-curient
erosion -of expose Cretaceous sediments at a point not fbr from the-core location.

Sedimrfeti in the central arou of the TOTO, apparently flad dawn thro~ugh particle-
by-particle deposition, wera Ni'mu by RU~nWakW nN eSte"Off VS pelagic sediments, and
they calculated a very~jlow rate of accumulation for this type sedFmewt. The slow rate
of uetlosdiment accumulation becames apparent by com~paring the bulk sediment
act-c"umulation per 1, 000 yeatrs at varioUs locations In Figure 10 1Inst a ranger of 1.5
to 3. 1 centimeters- per 1,QO years actumulation -attributed to-pe ao14c type sedients,
The balance of the sed~ihets not accounted, far by partlqlel~by-prll psto
during a 1,400 year period is assigned to harbldity currents. Frequently the tvrbidites
are cohs~der~b]Y-U d r~tianftiedlmnents o'= hch. tAey lie, indicating that an
aecuniula-tiw~ of reef-derlved and pelagic _teralI Wuild% up on the upper slopet7 Qf ___

M6P~d~ nvo drA~ug vor o~t causes, r5ieo~~oTwd~~ioeo
top of "he material deposited contemporaneovsty with the buII4dfup of nea-r-flank
accumulationt.

From Figure 10 the rote of sediment accumiulation can be seen, to diminish norlh-
word along the cixmnel axis; likewise, frequenay of turbidity current occurrence alto
diminishes In the same direction (Fig 1i). Consequently, as t he present channel. flowr
continuously slops In a direction coinciding with decreasing sediment accumulation,
It Is expected thaf the slope of the channel floor Is In large port a depositlonatgradient,
rather than due primarily to some pnderlyllng struatura [mschiptln
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ENGINEERING PROPERTIES

Shear Strength

A test for shearing strength (cohesion) wasperformed at the top middle, and
bottom of all cores considered to be undisturbed and to have an unaltered water
content. Where obvious disturlxnce of the core had token place during collection,..
no shear strength tests were performed; however, In some instances, water content
measurements were feasible although, the exterior of the care was disturbed.

Shear strength measurements were performed on the some core increments used
In the sediment density determinatlions by car.fiuly extruding the sample from with-
In the cylinder and Into the testing device.

The testing procedure Is deorlbed In detail by Richards (1961) and Is onlybrieflydiscussed herein. An unconfined compression testrn device with piastla platens.

at either end of an axia. rod was used to measure th- c~mpresslve strength (2 times
the shear strength) on sediments of moderate firmness. A stress-strain relationship Ti
obtained by placing an ever Increaslng iod on th. upper end of the axial rod with
the sediment Increment standing uprlgIt beneath. Faolure of the sample was taken
by subtcqueutly plotting the stress-strain data and taking failure at the point of
greatest curvature in the plotted line, or arbitrarily, at 20 percent axial strain if
the point of greatest curvature was undeterminable.

When the sediment was soaupy or not very cohesive, a vane-shear apparatus-was
used In wnlch a vane was Inserted Into the sediment and rotated by a constantspeed
mriotor. Degree of vane rotatIon and degree oF applied torque was recorded at the be-
gInning and during the tee. Sample failure was determlned at the majoe |nflec-ton
point of the stress-Totation curve.

The results of the shear strength tests are presented in Table VI1 end are thought
to be sufficiently accurate for most engineering work. Rlchards ([bid.) discussed the
swurces of disturbance to the sediment during the hampling, trMins•--ng, and labora- - -

reduction" of tri-lie strength, lhe concluded that vaues of shear strength obtained
through tho method 6tlfled In hs report are conservative by an unknown amount
compared to In-pice strength.

Shear strength or cohesion values were determined in order.to calculate the
ultimate bearing capacity of the sediment. The ultimate bearing capacity (qu) Is
defined a the average load per unit area required to produce fil lure by rupture of a
supporting sediment mass, excluding any factor of safety, and Is bhaed on the formula-

qu 1.3 cNc + w d Nq + 0.4 B w Ny
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w = buoyant urnit weight of the sedirnet,
d =depth to center of sample Increment tested,
B =width of struicture footing, and
Nei Nq, and N, are beozing capacity &jcrtorse

-The to ",ula is oppllcoble to sftruc.res'where the letngtK to width rafio, of thie lx's.
is less than tw) (sqare or circu far leads) cod is usualIly reduced'fo q. = 1 , 'C N 0.

orin capacity factors are a function-of the- angle of internal frictl'gron. here he
anleIs zero (s is o ed for coi"~ Y 0 ~5Z ~lGad~~ o

determined by I i~dibi ;and -Peck (1948).

Results fromi tests of coeme umber-62-22 will' illustratei the applicatio ofthis
fornnda. ,If amas of35 tans boyantweight) wit6 Jimenisi ns 12' x 2'x 6' is -

plated on the bottom at the tocatibit of core 62-2ntond witfhout imnpact velac~tyithe,
resultant mesture or stress on the sedimenst would 1,& 486 1b~~ and an c~ultimatis

'bearing capaccty of of least the tome onicuot is requiired for support of thes mass.
Assuln agsurface loadof~ qu lý .4, tý*ýhe i is 0r6iPss

Inv core 62-22 the core in'ter~vl 0 to 7 ceiitimrtiv has a tested Cohesion of 0.53 pa.,
whic_(nelectng im) is sufficient for spo t o ~a'as

The majority of -cote$ tested sho~ a large .increow rin-caoesion-with depih, In tho
sad'iment, and inversions, when present,-or* small in monititý4.- Figure- 12, whicK

delieats a~usin<lbe TOTQ of high and lorw cobesio 'valuesci# 'aseo~h Ow

age obeiopthro~,ghout the tAdivi&dcil car&.', From this figqstl-e ciA-4e~ac sedimeoi.
.,rcepf 'n two lrnwiaces, have or average Cohesion of les tha 1. -~w~~
lowest in the channel. Near--Flank sediments show a slighty hlgher cohesion, and
axial sediments, ex~cept for a zone of less cohesive sediments sauthoeast -of Middlq Dight,

-- var - . xceedeM a re=s.- AtiWO~ff TYM M"Urwn-C1W nwr ___V~e

chan~nel are slight, it might be-pointed out that on increaose of one untln- the, e
cohesion value presented in the example used In core 62-22 above wou ld iicreasi the

ultimate beating strength from 565 to 2,0&2 16/ft2 ,

It Is noteworthy that cohesion values follow a trend carrespor~ipq~ to the 3 sedl-
mentary environments delineated In the T010. -The netar-fleink aria cul-deiscsc a~reas
(low cohesion) represent environments of high water content, high organici, low deni-
sity, and high rates of sedfrnert accumnulation,, whereas, the axiald area ~hgh cohesion)
Is characterized by relatively low water coqtent, low or oganicshihent, and1w
rates of sediment accumulation. Pilgure 13 delfinectes values of surfacei trai 1.60W,
content and demonstrates, the relationship between orW,,4C-c ontent Ornd cohesion whe'n
'Con~ored with f IQUMe 12. _ _ _____
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TABLE ViI

_ Shear trength and sesitivity of the TOTO sed[ments

Coce Depth In Core Shea StrenthNo, (cm) (psi) Sensitivity
N~or-lank lednents

61-1 3 1.0
61-9 5 0.3

15'1 .0 5
48 1.561-10 75 1.•

"125 -1. 861-18 5 0.1
'-A , 0.6S55 0.7 4

62-2 8 0.2,-
.47 0.2 k
94 0.6

62-10 14 0.5
73 - 50 5138 0.9

62-15 15 1.7.
75 2.0121 _26 "_

62-19 11 0.4
72 0.4 6118 . . . . ..___ 

__....____

. .. 2 20 31 2;5
79 1.0

130 0.7
62-21 18 ,08.

78 0.4 5136 1.1
62-24 3 0.7

28 0.452 0.8 6
62-28 13 2.5

70 1.2 4
142 1.2
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Sheair strength and sensitivity of the TOTO sedcments (Cont'd)

Core Depth Io Core Shear Strength

No. (cm) (psi) nstvt
Near-fcank Sediments (Cont'd)

62-37 3 0.1
59 1.6

62-39 11 01,3
r 48 1.3

90
62-57 10, 0.2-

74 1.2 2 -145" L .. I~i . __. .

62-58 301
46 0.3 2."'..• 91 0,6

Axial Sediments
61--2 15 1.7 6
61-4 5 0. F

15 1.21.51 .I 11

-5ý 0.5
25 0417
-35 04 0.761'• 5 0,9~ - __._

61 m8 5 0.4
25 0.7 8
45 1.6

61-21 3 0.3
21 -0.7
48 0.5 3
76 1.0 -1

61-22B 11 2.9 " 7
62-2 27 1.0 -

84 0.7 7
136 2.9
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K --- TABLE V•I

Sh1ear trev4gth and seniltivity of the TOTO sedlments (Ccnt1d)

C Depth In Core Shear
No, (ei) si . .. .- _ S llvt

Axial 5,pd~Inent*,(Contld)-

62-.3 20 1.0
65 3.1 6

120 2.9

-62-7 44 - 1.2 i
88 1. 478 -> 10

147 o1._-< t8 .- . •,

62-8 -14 - .9". , .

42
74 0.7

80 0.3-

- 13•6

62-17 28 1.0
76 1.9 12

113 3.7
62-18 3 0.5

46 1.3 6
109 2.0

62-22 3,
0.5 9

'2 2.1

56 4.3 14
C108 3.2

62-29 38 1.3
104 0.5 4
129 2.0

62-30 11 0.3
66 1.0 5

120 3.6
62-31 10 1.1

78 1.9 14
149 3.7

62-34 10 0.4
68 0.5 5

146 2.T
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Shear strength and sensltivity of-he TOTO sediments (Cont'd)

Core Depth In Core shadvStrength-

No. (cm) (puO S'enltlvityI

Axdal SedIments (Cont-'d)
62-47 3 1.1 6

62-48 B 3 0.4
52t 1.8 8

101 0.7

62-49 3 1.6

62-50C 3 0.2
44 1`,1 7

62.5i B 35 3 0.2

56 p 362-52A 3 0,252 2.2
97 4.0 1

102 -1.6

Northeast Prayidendo Channel

62-60 16 1.6
42 1.3 /6
82 4.2 _______

62-61 A0.8

6•68 01 66

133 0.8

62-62 9 1.3
73 1.0

138 1.5
62-63 5 0.3

32 0.9 4

Cul-dle'sc Sedtments

61-11 5 0.2
35 0.4 4
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TABLE V1I

Shear strength and zensitIvIty of the TOTO sediments (Coant'd)

Core Depth In Core Shear Strength

No. (cm) (psi) sens•tIvIty

CuWde -sac Sediments (Cont'd)

61-12 5 0.3
25 0.4

61-16 5 0.3
28 1.2
51 0.7

62-40 26',' 0a8
129 0.5

62-41 3 0.1
75 0,5 2

62-42 OL- 3 I0_
79 0.3 2 I

:137 1.5
62-43 11 0,6

50 O.8 3

62-44 8 0.8
67 0.7- 6

131 0.9

62-45 31 1.4
63 0,7 4
94 0.6

--62'46
57 M.B 5

62-54 19 0,4
59 1.0 5

62-55 3 0.2
58 0.8

62-56 3 0.2
47 0.8 2
66 1.7

62-59 22 1.0
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Seni1tivity

Sensitivities of core samples are given In Table VAl. The va I Vas ITon~e fro~n 2,,to
1,4 (slIghtly insensitive to slightly quilck) und show a predomtnmnce of very sensitive'
sediments. The cul-de-sac iediments o4e the least i~nsitIve, Oxial !edtments the
ýgreztest, and near-flank sediments IntermeclIate between the two but tending more
toward Sensitivitles saimliar to0 the cui-ýda-sdc.
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BOTTOM PHOTOGRAPHY

Camera stattins were located throughout the channel at predetermined positions.
Although the photographs from this study cannot be considered to be representative of
the entire channel bottom, the close-spaced coverage obtained along the fairly ex-
tensive tracks provides excellent representation In the arm photographed, and, from
these photographs and the work of Armstrong (1953) and Athern (1962 b) a general idea
of the mlcrorellef can be obtained.

Camera lowerlngs at Stations 1, 2, and 3 were occupied while the ship was at
anchor, and the lowering at Station 4 was made while drifting. The ship's position
was plotted and annotated during the camera towerIngs on a Decca Hi-Fix plotter,
and a graphic record of the •Iip's position, hence, the camera locatio (*10 feet),
was obtained during the two-h period While the camera was In operation off the
bottom (Fig 14).

Camera lowering Station, 4 Is represented on Figure 14 by a line trending north-
northwest across the center of the TOTO off High Cay. The paths followed by the
ther canera stations (1, 2, and 3) are also presented In this figure, and varlotlchs In

ship location while at anchor are graphically demonstrated. In the graph of statibn 2,
the ship completed one cycle of It's swing on the anchar cable, and the camera was
brought up wiiile hal'way along-the return swtng.

The graph of Station I demonstrates the extreme to which the shwrp vared in posi-
tln while anchored. In this Instance, the vessel was subject to a fairly longpepraod
pitch superimposed on the arc traversed around the anchoring point. The comnbinatlon
of swinglng and surging produced a figure 8 pattern which the conera system followed.
The pr<cec~ure of" plotting the ship movement, annotating the plot, and Inceluding a

synchronIzed clock in the data chamber of the camera pernits calculations to enable
one to delete duplications of track coverage where present.

Two out of four of the camera stations produced pairs of stereo photographs (Stations
I and 4), while at the remaining stations malfunctioning of one of the two cameras re-
sulted In only one roll of exposure3 during the course oF the lowerIng._The photographs
generally cover an area approximately 13.5' x 8' or 108 at2 , end overlapping of pairs
exceeds one half the area photographed.

Camera Station Data

Station I
Depth: 1,250 meters
Number of Exposures: 362
Length *ý Com-em Tmcrk: 457 mnters
Track Poslticon 23* 27.WN, 76P 58.8'W (Coordinatei for center of track)
Camera Performance: Stereographic pairs obtained Fron all exposures.
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Station 2
Depth: T-,390 meters
Number of Exposures: 438
Length of Camera Track, 462 meuters
Track Position: 24* OWN, 77° 15.9'W (Coordinates for center of track)
Camera Performancet Right camera malfunctioned.

Station 3
SDepth: 1,500 meters

Number of Exposures: 276
Length o* Camera Trockr 512 meters
Track Positton: 240 27.5'N, 77* 31 .5W. (Coordinates for center of track)
Camera Pi.rformancei Left camera malfunctioned. Right camera produced 90

percent ddubleexpe wrps. Doubly exposed frames were,
naverhelessradeqatefor Interoretation,. an4 the god
exposures obtained appear representatI'e of-the camera
track.

Station 4
Depth: 1,929meters
Numbýer of Exposures: 572
Length of Camera Track: 1 -572 meters-
Track Positlon: 24* 41.6'N, 770 34.$'W (Caordinates at start of frock)
Camera Performance: Stereographic poirs obtained from all exposures.

Biology

Animal life and evidence of its existence is extremely sporce along the rocks
traversed by the camera system, and at only one site (Station 2) w•s there appreciable

-nacr---uuv -u Wildrct UflJ ftnuni=l, ..~ W t-M fltitt Vetittt

Thp matority of photographs obtained fronm all loweringsare dovold of animal life.
A few holothurians were present to some degree In all the camera tracks (Plates Ill and
VI), and occasional brittle stars (Plate HI) were observable. Fliamrentous plant deelrs
(probobly derived from the shallow surrounding banks) was present on all tracks (see
Plate IV for an example).

Stations I and 2 (Plates III and V) show the greatest direct and Indirect evidence
of organic activity, whIle, on the other hand, StatIons 3 and 4 (Plates VI and Vii)
show no more than a featureless, uncontsolidated calcareous ooze throughout the
majority of the track.
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Relative to the other camera tracks, Station 2 shows the most evidence of organic
activity. Throughout the entire length of the track the bottam is thoroughly pitted
and marked by trails, tracks, moindB, and burrows. A number of the mounds present
In this and the remaining plates are thought to represent pebble and cobble debris
whIch haa been covered by sediment. These mounds are differentiated fronm organi-
cally derived mounds by the lack of an axial hole. Some sessile forms are present
In the exposures from Station 2 which are suggestive of hydrolds.

Armstrong (195M) reported that a very slow rate of mefment-Aosttinprft|UM
In the center of the TOTO, and any features on the bottom would tend to beýpreserved_
for a long time. If this Is true then-a=7mall bent h population could -produce bottom
features which could be mistaken for a substantial benthic community. In any event,
the Information from the photographs point to an extreme paucity of bottom dwelling
organisms on the floor of the TOTO. The low organic corbon values (consequently
Insuffigient nutrients) obtalned from analysis of the sediments substantiates thes
findings.

Bottom Features

Relief not cbnnected with animal activity or particle-by-portjcte deposition over
pre-exisflng features is present to a limited degteo in pcific areas along two ofqh-
camera tracks. J

Photograos from Stations 2 and 3 showed no unexpected evidence of post or -
present constructional processes for the depth and position of the lowering, and,-on
the bals-of the photog•phs, it is Inferred that limited benthic faunal activity com-
bined with a slow ratieAdf tediment acdumulotion cmstit-utes thit domirit 'microretief
building processes.

_ __ _Station 1, In the cul-de-s"c, shows an outotap of either a well lithified calcbreaus
moterThaIvored by a sedimentary veneer or a semnlithified bottom naterlol (Mlate MV).
The outcrop strikes northeast, Is of undeterminable thickness, *ad oc-urs on arIy two
exposures (the closest points to the flank of the cul-de-sac) along the entire triack.
A slab of the outcropping materitn is observable In the top left photograph of Plate IV,
and It appears to have moved, or is now moving, In a• outherly direction. In the bottom
two photographs on the same plate, circular pits or depressions a few centimeters In dl-
ameter and depth are apparent. The depresslons uow very steep sides and are located
only In the photographs taken adjacent to the walls of the cul-de-sac. f"he dark
material enc!osed by a depresson may represent pebble detritus washed off the adjacent-
banks) however, the apparent filamentous appearance of the material Somewhat negates
this possibility.
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Camera lowering Station 4, although presenting the most featureless bottom for
the first 1,500 meters of track, showed the most unexpected features of all the photo-
grap4s. At 24* 41149"N, 77 3a5'01"W the camera system traversed a well lndurated
limestone outcrop approximately 24 feet across and terminating In a 3-foot vertical
to concave scarp striking northecit (Plate VIII). Stereographlc examination of the
outcrop reveals cavitiel and depressions In the exposure which range from 5 to 60
centimeters In both wldtfh ond depth, and, In many Instances, unconsolidated sediment
covers the base of the depression. A number of the cavities are Interconnected to form
a network of channels, and almost all display sharp angular rims (Plote IX). A micro-
topographic contour map of the edge of the outcrop Is presented In Plate X.

Busby (1962) discussed this outcrop and the possible origin of the featiie., and -
concluded that the depreslons• are -solution basins of wboerlal or ilttoral zonewmoigin
that were formed when the outcrop or the c-or of the channel was at an .*6vtion of
about 1,900 meters hIgher than at the preset.t. .

Bottom Currents

Twenty-four meters northwest of the outcrop observed In the photogrophsf from
Station 4, pebble and eobble-ized debrlv Is p..nt, ard lmmedlate•y djacent to
this material are well developed osclliatory rTpple marks facing northeast (Plati Xi).
The tipple marks at this location appear symetr1;tl and *Yaerage 13 centimeters from
crest to crest.

Utilizing various twrces of data, a rough esttimte of the minimum current veloc-
ity necessary-to produce these ripples can be calculated. The average median diom-
eter of the surface sediments In the area of ripple mark formation Is 15 micrans' and,
according to Hulstrorn (In T•cmk, 1955), a mean water velocity of 28 to 43 centlmeters:
per second Is required to Instigate movement of particles of this diameter. Ripple
marks dhiappear or are oblterated when water velocity exceeds a critical value, which

in~~~0 t01 T~~gc -Wrs vei~Iizind is Yuce~ntimeters per second Stmpie, I Mi;. %.Oft
sequently, a current of minimum velocity of 28 to 43 centimeters per 'seond and maxi-
mum velocity of 90 centimeters per second Is necessary for formation and malntenance
of the ripple marks observed In Plate Xi. The maximum velocity Is probably much
higher then that necessary to obliterate the ripples observed In this area; how"er, as
no data are available concerning ripple marks In dominantly silitsized- sediments, this
value Is taken as the maximum in Ileu of further Informatlon.

Menard (1952) attributed symmetrical ripple-mark development at 4,500 feet In
the Pacific Ocean to short-perlod water oscillations perhaps caused by tides, tsuanamls,
or Internal waves. Inman 0957) pointed out that symmetrical ripple marks require
oscillatory currants for formation; since an unidirectlonal current produces asymrrtrical
ripples with one slope at the angle of repose of the sediment and the other more or less
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concave. It Is expected that at the depth (1,929 mahters) of ripple occurrenice in the
TOTO, either internal waves or tidel oscillations producedt the ripple marks obswiv-
able, although the latter Is more likely.

As mentioned above, adjacent to and south of the rippleo-norked area Is p"b1ie
and cob~le-sized clebris-which probably has been derived from~ the reef areas bouhding

the hanel, romthephamrop In lat XIthe ripple mrsaeaprn rdem
std fthe photograph shows the flneeroero to 6a ncaoa16 poarn the orger

fragment in the upper right-hand half of this photograph suggests a strong southerly
current which Is producing a log deposit, In this tfteqa with a not M-ovenisot- s$ dtment_"
toward the s"ul.
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SUMMAARY

The signiflcnt results and conclusions from the bottom sediment Inve-stigatiors
In the TOTO by thls Office and previous Investigations by others are summarized
below:

1. The TOTO Is long, nparrow channel In the Great Bohama Bank which gradu-
ally Increases in depth from about 700 fathoms in the southern cul-de&s area to
1,300 fathoms In the northem portlon at the commencenient of Northeast ProvIdence
Channel.

2. The flanks of the TOTO ore steep (15 to 200) bare rock walls ta depths of
100 to 200 fathoms. Below this dept4 to the bottom of the channel the slope is more
gentle, Incied by gullies notmal to the ftnkda4g and sediment covered.-

3. The sediments on the floor of the channel are.

a. Almost whoiely composed of caICtum cCdrbonote,

b. Dominantly silt-sized particles withl a slight increase In sand In sediments
collected from central reaches of the channels,

c. Composed predomuinntly of the tests of planktonic forominifera, pteropods,
and reef detrltus, and

d. In general, poorly sorted.

4. A rodu:cing environment prevails In the osediments on the flanks and, to a
lesser degree In the cul-kdsac, while an oxidizing envlrornment prevails in the
"sdiments In t1w flat central reaches of the north••n, elongated portion of the chermei, .....

5. Sediment density Is greatest In the axial region and lowest In the nearflank
and cul-de-sac areas; conversely, water content, void ratio, aod porosity are lowest
In the axial region and highest In the near-flank and cul-de-sac areas.

6. Sediment density generally Increases with depth In the sediment while water
content, void ratio, and porosity decrease.

7. Over one-half of the sediment column sampled In the axial and cul-de-soc
areas Is the rosult of turbidity current deposition, while the near-flank sediments
appear to be primarily the-result of parttcle-by-particle accumulation from the over-
lying water column.

64



8., Turbidity currents originate on the upper flanks of the channal, flaw down
slope at high velocity within the gulIles, and dthtrlbute the sediment load locally an
the channel floor.

9. Frequency of the tuibidity flows Is greatest in the cuid-cfe- arca and
becomes less frequent northward In the channel. Rate of sedtmenf accuinelotion is
htgheit an the channel flanks and betome4 les northward from the cul- 4 0l-UI alhrg
the channel axis-

10. Ultimate bearIng strength of the secUmenf Is lowest In the cul-de-sa and
naar-fimik arbas, highest In the aoxal ao, •e•dý be shovon to follow the *sa
trend as the organlc cgrbon and water cotent of the sediments.

11. BOtton Noqgqrap6 sbho • paucity of benthic faura, and, In goenvi, ,a
relatively featureless, uncon~solidated ooz" veA tha chnnel floor. .

12. The photographs r eal a bore rock otu.ro • o IOGQ i1thons In -the ceitert
f the channeF• of- Fresh Creek. Features in the out;op Indicate sub rlal,'wrslon -m

of the expoture at orno earlier geologic time.

13, RIpple marks sent In some of the bottom photograph suggest a botton
cuerent ef 1,000 fathoens of at least 0.3 to 0J7 knot.

4
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PLATEhtl *EPRESSNTATWVEWlTTOWýP4OOký AM4 PROM C&-MEAI-TATIOUN-I-.
NOTE HOLOTHURIANS AND THEIR TRACKS IN LOWER LEFT PHOTOGRAPH, AND
BRITTLE STAR JUST ABOVE CENTER IN TOP LEFT PHOTOGRAPH. THI RADIAL
ARRANGEMENTS PRESENT THROUGHOUT ALL THE PHOTOGRAPHS ARE BEUEV1D
TO REPRESENT A SEARCH PATTERN BY SOME TYPE ANNEUD.
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I

PLATE IV BOTTOM PHOTOGRAPHS FROM CAMER STATION 1.* NOTE O'CiCROP IN
TOP RIGHT PHO0TOGIAPH AND BOULDER IN TOP LEZT. LOWIR TWO PHOTOGRAPHS
SHOW CI&CULAR PITS OR DtMtS$IONS- AND 5CA7TME1 PLAN DETRITS.
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PLATE V REPRESENTATIVE BOTTOM PHIOTOGRAPHS rltOM CAMERA STATION 2.
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KATE VU REPRES!NTATI VEBOTTOMm RoOTOGRAPHS FROM CAMERA STATION 3.
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[L~ W-&4< RMSENTATIVE_____ BOTMPOORPSFOAAEkSAIN4

NOTECRUTACAN I BOTOMRIGH PHTOGAPH
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PLATE V I II MOSAIC OF THE OUTCROP AS PHOTOGRAPHED BY THE CAMERA.SYSTEM
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SCALE 1.34

PLATE IX CAVITIES AND DEPRESSIONS AT 1,000 FATHOMS IN THE TONGUE
OF THE OCEAN, THE SCARP PRESENT IN THE UPPER PHOTOGRAPH
IS APPROXIMATELY 3 FEET DEEP.
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PLATE X MCROTOGZR•qilC-CNTOUR MAk Of PLATE IX
CONTOUR INTIUVALt I DECIMET!R, SCALE: 1:17.8
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PLATE XI BOTTOM PHOTOGW?.4?S FR~OM CAMERA STATION 4.
OBSERVE THE STREAMING OF FINER VRAGMENYS SOUTHWARD OF
TH'E LARGE COBBLE ON THE LOWER PORtTION OF THE TOP PHOTO-
GRAPH; ALSO, THE~ SMOOTHER, MORE PLANATED APPEARANCE OF
THE RIPPLE MARKS TO THE RIGHT OF THIS V11OTOGRAIPH AS

-OPPOS-D TO THE RIPPLES ON4 THi BOTTOM PHOTOGRAPH. SCAL
APPROXIMATELY 1-34.



AP DIX I CORESTATtONDAJA .... 2
Core Latitude Longitude Depth Length of Core.
No. (N) (W) -

62-1 240 58.2' 77" 39.3M 677 100
62-2 240 57' 77* 40' 1829 151
62-3 240 53.2' 770 45.8' 1840 127
62-4 24h 51.9' 770 50' 558 Grab Scamle
62w5 24" 43' 770 43' 5f0 1
62-6 24* 401 776 41' 498 GrQb Swpl
62-7 240 40.1' 77 36.1' 1710 138 -

62-8 240 44. V 770 36,1' 1889 81
62-9 240 40.2' 77" 3DT3' 84i 31
62-10 2A'4V 770 28' 950 147
62-11 24' 41 .21 77- 25. tV 988 GrF0 S"Oipi.
42-13 2-4 35' 77P 30' 1683 153-*
62-14 24' 35' 47 39.91" 6'40 -27
62-16 24" 24' 770-39.97 457, J 29
62-16 241 24 2' 71" 14.7' 1480 175
62-t7 24' 28' 9 A/'301 f868 121
62-18 24, 24.6' 77' '22,4' -1202. 121
624=27' 770 15.9' 1051 127
62ý2 24'ý 22'-7¶5 52t 140
62-21 240- 16.1' 7V' 14.9 1041 -148
62-22 24' 17.1 77' 22.-21 1463 88
62-23 24' 17.9' 77* 2a,1' 1481 40
62-24 24D 19' 77' 37.T --7W 59
62-25 24' 14.2' 776 34.4' 430 13
62-26 24 03W 7YO 29' 612 Grab Somploe
621-27 240 a4,6' 77' 23.2' 1399 116-
62-28 24' 01.1' 770 14.2' 172J 152
62-29 -w3 68.91 77' 16.1' 1353 136
62-30 23 S55.2' 770 15.1' 1344 _2 _

62-31 230 57.7' 770 21.1' 1362 15k
62-32 230 57.9' 770 27' 805 12
62-33 23" 53.2' 77*25.2' 623 Grob S•anple
62-34 23* 44.7' 77" 19' 1134 157
62-35 230 39' 770 16' 1 34 Grab Sample
62-36 230 34' 770 12' 1243 72
62-37 230 28.91 770 06.7' 1066 63
62-38 230 271 760 59.3' 1179 48
62-39 23028' 76D 51' 12S3 97



AWNDIX I CORE STATION DATA (Corit'd) _

Latitude.Longt " h t 6 Core
(( W) (cm)

62-40 236 33T '76' 57t 1326 138
" -62-4• 2339,5' -7"• 05.9' 1330 49"
62-42, 23- 46, 1330 146
462-43 23 ' 7655.8'' 11.430 17506

42-424 23' 53.' - `60-53Y J--244 13762".45 23°* ,1' 77-00' - 1233 101-

61-A6 23°56' 770,09,71 .4 1198 .98
62-47 -24*41' 77035': , - 1810 " 21

-2824* 41,3l 77P 391 _. - 1300 113
62"49 24' 41 .3 - 77142t 811 - 16,
2,.,- 24"' 28.5 s 77. 391 -' 1609 53_

- '., 770 34.9' 1573 -M- 66

62-652A " 24- 3l46- _ 77' 32' 1640 j07
62-53 230 0.8' 76" 45.8' -1250 - 109
62-54 "23°4,.1 q76ý 46.2' 1293 68
62-55 230'47' - 76*38.31 1262 130

o 62-56 2 390.4 761 39.5' .*" .1234 72
62t57 _ -231 34' - 76- 39' " . r1174 - '11 51
"62-58 23 29.1' 76"39" 871 93
.62"9 23* 39.5' 76',7' 1282,- 66
62-GO 25420 77V 47' 1701 - 89
62-61 25' 19' 77! 59.5' - 1300 '° 141
62-62 250 13.80 770 35,8' 28(X) 144
4Z-63 2" ?416' 77"-341' 1728 69 412
61-1 24' 44.6' 770 4466' 1225 609
61-2 24497' 7zs37,.31 187- 30
6W'4 24l 30 -77921.9' '1280 34
61-6 24" 29.6' 77* 36f 1590 46
61-7 740 10.3' 770 29.6' 1161 46
61-8 14" 10.5' 77 22.7' 1481 69
61-9 24•.093' . 77 15.151' 934./ -7
61-10 23? 49.7 770 19.8' t 51
61-11 230 49.7' "77 IT -- 1414 65
61-12 23651.81 77006.21 1390 'ý53
61-16 23639.5' 76" 55.6' 1,314'
61-18 0 23- 39.7" 77r 14.3' 1202
61 -21 240 40.5' 770 30,5' 1500
61-22 240 39' 770 35' 1774

84



-2

F- . ,->

___ ___________ _____ __________ La.. _____TITh H
� -

�'�Id�-- I

- *. 00 3
i�i�iI '�.

jo�''� �

- �,1 I.-'0-i -- -'N � - - -

i�i-i "-. �

�iC F-'��

rI�

Y�4i �jdJ
I �' . .'-.- I

0 "� -T
0 J

0 3

II '\ � _

�

'-4 ,, -

� lIb '

i�� 1 i!� � �

i�iI- a

L


